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T h r e e w ell - know n con clu sio ns ab out  h eat  en er gy ar e  a m on g t he  m o st im por tan t sci ent if ic ide as ever  fo r m u lat ed . T hese ar e 
th e Fir st,  Seco nd,  a nd T h ir d L aws o f T her m o dyn am i cs.

T he  F ir st  Law o f T her m odyna m ics states that h eat en er gy i s conser ved.   T his m eans it ca nnot b e cr ea ted no r  dest r oyed. 
T h er e h as al ways b ee n t he sa m e am o un t o f e ne r gy in  t he uni ve r se .  It  m a y cha nge  fr om  on e f or m  t o a no the r , fr om  lig ht  to 
he at  or  fr om  el ect r i cit y t o r ad io wa ves, f or  exam p le .  But  t her e i s alw ays t he sam e tot al am oun t o f ene r gy.

T h e Second  L aw of Th er m odyna m ics d escr i bes e ntr opy, or  disor der .  As yo u kno w f r om  t r yi ng to  ke ep yo ur  r oo m  or  locke r 
ne at , i t t akes ene r g y t o m ai nta in or der .  Na tur al syste m s be com e l ess o r de r l y o ver  t im e  un le ss ene r g y i s u se d t o kee p t hem 
or de r ed .  It ’s not  p ossibl e to cha ng e m ate r i al fr o m  a l ow te m pe r at ur e t o a  h igh  te m p er a tur e wit hou t doi ng wo r k. 

As w e stud y the  ch al len ges o f t he Ge nesis mi ssi on,  w e w ill  concent r a te on th e T hir d Law  of  T her m od yn am i cs.   Thi s t el ls us
sp ecifi cal ly ab out  t he movem ent  of  h eat  en er gy.   I f tha t d oe sn’ t sou nd too  e xci tin g or  sig ni ficant , just con sid er  th at it is th e
m o ve m en t o f hea t t ha t w ar m s the  ea r t h, pow er s t he wa ter  cycl e, and  m ake s a ll  li fe po ssi ble  o n e ar t h. 

He at  is a fo r m  of en er g y r el ate d t o the  m o ve m en t o f ato m s an d m ole cu les.  Th e a m ou nt  of  he at 
en er gy,  or  t he am o un t o f m ot ion  of  i ts par ti cle s, is m e asu r e d a s t em per atu r e .  The  Seco nd La w o f
T h er m od yna m i cs sta te s t hat  h eat  en er gy alw ays m ove s fr o m  a  w ar m er  ar ea to a coo ler  a r ea ,
an d never  in  th e o pp osi te di r ectio n.   I f you  pu t a n ice  cu be  in  a pa n o f b oi lin g w at er ,  th e hea t f r o m 
th e boi lin g wat er  mo ves in to  th e col d i ce cu be.   T he  m o lecul es of wa ter  in  t he ice  cube  ar e
wa r m ed up,  star t t o move a r o und  m o r e , a nd th e i ce me lts.  Yo u w oul d not  expe ct the  i ce cub e to
lo se  he at to  th e w at er  and  g et eve n col der .  T h at wo uld  vi ol ate  th e Second  L aw of Th er m odyna m ics.

So  h ow doe s a f r ee ze r  m ake  a n i ce cu be in th e f ir st pla ce?   Ele ctr ic en er g y is r eq ui r ed .  Th e
fr ee zer  uses th e e le ctr ic en er g y t o r em ove  h eat  fr om  th e w at er  in th e i ce cu be tr a y unt il th e
wa te r  m ole cu les ha ve  lo st en oug h e ne r gy to  cr ystal li ze int o ice  cu be s.  T h is is co nsist ent  w ith 
th e Fir st La w o f T he r m o dyn am ics, w hi ch says tha t h ea t e ner gy ca nno t be cr e at ed or 
de st r oyed.   The  he at  en er g y can  be  m ove d o r  cha nge d int o a no the r  t yp e o f e ne r gy, b ut  it 
do es no t d isapp ear .

W h at  ha ppe ns to  th e hea t e ne r gy th at  th e f r e eze r  r em ove s f r o m  t he wa ter ?  If  yo u h ave e ver 
lo oked beh in d t he fr eezer  yo u m ay ha ve not iced tha t it gives ou t h ot  ai r .  T hat  ho t air  co m e s
fr om  th e f oo d a nd wa ter  in si de the  f r ee zer .

T h is is co nsist ent  w ith  th e Fir st La w o f T he r m o dyn am ics th at  st ate s tha t h ea t e ner gy ca nno t be cr e at ed or  de str oye d.  O t her 
ki nd s o f e ne r gy, such a s m echan ica l,  el ect r i cal , che m ical,  o r  n ucl ea r  e ner gy, can be  ch ang ed  in to he at ene r g y, cau si ng a
su bstan ce to  be com e war m er , but  th at  is st il l o nly a  tr ansfe r  o f e ne r gy.  No  ne w e ne r gy is cr ea ted  o r  d est r o yed .
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O n ce  Co unt  Ru m f or d ’s co nce pt of  he at as en er g y becam e  g ene r al ly accep te d a m on g sci ent ists, 
th e stu dy of  he at be cam e a n act ive  a r ea  of  p hysica l sci ence.   O fte n thi s w as in  r e la tio n t o
in ve nti ons a nd techn olo gy,  p ar t icu la r ly th e ste am  en gin e, an d l ate r  the  ga so lin e e ng ine .  Scien tists
we r e  st udyin g a nd in ven tor s wer e con tr o lli ng  ho w h ea t m ove d.   T he st udy of  h eat ’s mo vem ent  i s
ca ll ed t h er mo d yn a mi cs.
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He at  ca n m ove i n t hr ee ways:  co ndu ct ion , con vectio n,  an d r ad iat ion .  Co n d u ct io n  i s movem e nt  of  he at  th at occur s e it her 
wh en  tw o o bj ect s a r e  to uch in g e ach  o the r  o r  wit hin  a n o bje ct .  Thi s is the  m ost  co m m on way h eat  tr avels be tw een  tw o
so li ds,  fo r  exa m pl e,  tw o p ie ces of  m eta l t ou chi ng ea ch oth er .  The  m ole cul es in  th e war m er  soli d a r e  m o r e active t ha n t he
m o le cul es in  th e coo ler  so li d.  T h ey ar e b um pin g i nt o a nd co lli din g wit h e ach o the r  mor e t ha n t he co ole r  m ol ecu les a r e.   At
th e pla ce wh er e  th e two  so li ds to uch, the  f ast er  mo lecule s in the  w ar m er  so lid  jo st le and  n udg e t he  sl owe r  moving 
m o le cul es in  th e coo ler  so li d.  T h is bu m pi ng  an d p ushin g slo ws dow n the  fa st er  mol ecule s, bu t spee ds up  th e slo wer  o nes.
T h e jostli ng  an d p ushin g spr ead s t hr oug h a ll  th e m ol ecu les i n b oth  o bje cts u nti l a ll  ar e m oving  at  a bou t t he  sa m e sp eed .
En ou gh hea t ene r gy h as bee n con ducte d f r om  t he war m e r  o bje ct  to  th e coo ler  o ne so th at the y ar e  no w bot h a t the  sa m e 
te m p er a tur e and  co nd uct ion  stop s.

En gi nee r s in  th e G en esi s m issio n m ust w or r y abo ut th e e ffe ct s o f con ductio n whe n t he y p lace two  di ff er e nt ma ter ial s next
to  e ach  ot he r  i n t he  sp ace cr aft .  Th is can  b e a s sim ple  as t he met al  bo lts t hat  ho ld  wa ll pa nel s t og eth er ,  o r  a s com ple x a s
th e gol d coa tin g a tt ach ed to  th e d ia m on d col lector .  An oth er  so ur ce of hea t tha t i s con ducte d t o t he  sp ace cr aft  is f r ictio n
be tw een  th e cr a ft an d t he at m osphe r e  du r in g r ee ntr y. 

W h er eve r  t wo  di ffe r e nt mat er ial s t ou ch each oth er ,  e ngi nee r s m u st un der sta nd  ho w t he y cond uct h eat  f r om  on e to the 
ot he r .  G e ne sis de si gn pla ns in clu de  a hea t shi eld  t o p r ot ect t he sp ace cr a ft  fr om  th e h eat  o f r een tr y.  T h e hea t shi eld  is
de si gne d so tha t i t doe s n ot  co ndu ct  he at we ll int o the  sp acecr aft .  It s j ob  is to  p r event  h eat  m o ve m en t.

In  l iqu ids a nd gases, h eat  m ove s m ost o fte n by con ve cti on.   Co n v ect io n  i s a m ove m e nt of
wa r m er  mat er ial  th r o ugh  co ol er  mat er ial  th at  wo uld  n ot be po ssi ble  i n t he mo r e tig ht ly packe d
ar r a nge m en t of a sol id.   W he n a  po r t ion  of  t he liq ui d o r  g as be com es ho tte r  tha n i ts
su r r oun din gs, t hose mol ecu le s m ove  a r ou nd mo r e and  b eco m e le ss den se ly packe d.  T h e
le ss de nse  m ate r ia l sta r ts t o r ise  u pwa r d th r ou gh th e sur r ou ndi ng ma ter ial .  Pe opl e say, “ ho t
ai r  r ises. ”   T h is is an  exam ple  of  convect io n.  Yo u can  so m e tim es se e convectio n cur r en ts in 
wa r m  li qui ds, such  a s coff ee , t ea,  o r  t he ho t w ate r  in whi ch  oa tm e al  is co oking .

As t he war m e r , less den sel y packed  m ole cul es r i se th r ou gh th eir  co ol er  sur r o und ing s,  th ey
lo se  so m e of  th eir  h eat  en er gy to ne igh bor in g m ole cu les.  Th is is accor din g to the  Seco nd
La w of The r m odynam ics, tha t hea t m oves fr o m  war m er  m ate r ia l to coo le r  m ate r i al.   As the 
wa r m er  mol ecule s r ise i n t he  co nve ct ion  cu r r ent s, th ey coo l off , u nt il the y ar e  th e sam e
te m p er a tur e as the ir  su r r o un din gs.   But  th e hea t e ne r gy th at  th ey acqui r ed  som e whe r e  el se
wa s moved to  a dif fe r en t p la ce in th e l iqu id  or  ga s.  G e ne sis  e ng ine er s a r e not  g ene r al ly
co ncer n ed wi th con ve cti on types of  h eat  tr an sfe r .

T h e thi r d type of mo vem ent  o f h eat  d oes no t have t o occur  in  m a tte r .   I t h as no thi ng  to  do  w ith  m o le cul es.   Ra d i at i o n  o f
he at  as wa ve s o f e ne r gy ca n eve n o ccur  in a vacuum .   T her e ar e  m a ny types o f r adi at ion .  If  yo u l oo k a t t he 
el ectr o m ag ne tic sp ectr u m  o f the  su n,  yo u w il l n oti ce  se ver al  types o f r adi at ion  th at  ca n t r a vel  to  t he Ear th  th r ou gh  sp ace .
In f r are d  r ad iat io n  i s the  he at  en er g y tha t t he  Su n p ut s o ut.   Visibl e lig ht accou nts f or  most of the  h eat  en er gy put  o ut by
th e Sun .  Ge nesis en gin eer s ar e  co ncer n ed ab out  th e hea t r ad iat ion  t hat  wi ll  be  hi tt ing  th e sid e o f the  sp acecr aft  f aci ng th e
Su n as it or bit s L 1. 

Scie nti sts h ave  st ud ied  he at  fo r  m an y year s.   L ear ni ng abo ut  th e t he or i es scien tists use t o descr i be  th e m ovem e nt of  he at
at  t he mol ecula r  l evel is im por tan t in an en gin eer ’s ed uca ti on.  T h ey of ten  t ake  a co ur se cal led  T h er m od yna m i cs, in  wh ich 
th ey st udy t he pr o pe r ti es of  va r io us m a ter ia ls and  h ow hea t moves th r ou gh an d b etw ee n t hem .  T h ey la ter  pu t thi s
in fo r m a tio n to use  d esi gni ng  m a ter ia ls such as the  Sam p le Re tur n C ap sul e a nd  th e C ol lector  Ar r a ys fo r  space missio ns li ke
G e ne sis.


